Abstract In this chapter, published geochemical data for soils from several Pb-Zn jarosite and other soluble phases also play a relevant role in the studied soil-water
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(250 Mt have been extracted; [25] ), amounting 14.6 Mt Cu, 13 Mt Pb, 34.9 Mt 95 Zn, 46,100 t Ag, and 880 t Au. For more info on the belt, see the comprehensive 96 paper of Leistel et al. [9] . A few mines are currently operating along the belt, rich in Pb (up to 410 times the world average for soils, [26] ) whereas for Zn the 116 enrichment is much lower (up to 7 times the world average for soils [26] ). 
This is also important to understand oxidation and hydrolysis of galena and be insignificant and no important formation of Fe 3+ will occur [31] :
235 The chemical evolution of the system from (2) to (4) is the main prerequisite to 236 induce oxidation and hydrolysis of galena (5) and sphalerite (6) [31] :
237 Given that sphalerite often contains Cd, the oxidation and leaching of this metal can 238 be expressed in the following way (7):
239 Arsenopyrite is present in many Pb-Zn deposits (e.g., the Mazarrón district), 240 and therefore it is worth showing here how the oxidation of this mineral occurs 241 [32] (8-11):
242 If fO 2 conditions are high, then oxidation of As 3+ to As 5+ may proceed in the 243 following way [33] (12):
244 The concentrations of these ionic or complex ion species in water are a particularly 245 sensitive case regarding public health; in this regard, maximum contaminant levels 246 (MCLs) for drinking water (USA) for these elements are Pb (0.015 mg L À1 ), Zn
, and As (0.01 mg L À1 ) [34] . MCLs have to be 248 understood as the highest level of a contaminant that is allowed in drinking water 249 using the best available treatment technology and taking cost into consideration 250 [34] . However, do these MCL figures reveal the complete picture regarding metal 251 toxicity? Not really, because toxicity does not depend on concentration but on the 252 bioavailability of the metal species [35] . In fact, strongly complexed metals, 253 especially those complexed by natural chelating agents such as the humic acids, 254 appear to be completely unavailable and nontoxic [35] ; thus, metal speciation 255 studies are of paramount importance to fully understand the potential health hazards 256 derived from the existence of high concentrations of metals in waters (surface or 257 underground). The same applies to sediments and soils. anoxic media. In this regard, two reactions (13, 14) are to be taken into account [35] :
In this regard, if the free (and therefore available) Cd 2+ metal ion is combined with 268 free sulfur (S 2À ), then CdS will precipitate and become unavailable. Given that 269 cadmium has more affinities for sulfur than iron, then the overall reaction will 270 proceed towards the products (right-hand side) (15):
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A similar concern regarding these elements is observed in the Canadian Soil
272
Quality Guidelines [37] , which indicate maxima levels of (A, agricultural; RPL, Arsenic is usually bound to Fe oxide/hydroxide phases in soils [33] and river 293 sediments (e.g., [40] 
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• 99% of 1-to 9-year-old children living within 1.6 km from the smelter had blood 347 lead levels !40 μg dl
À1
, indicating increased absorption (22% had levels 348 !80 μg dl À1 ).
349
• Lead levels !40 μg dl À1 decreased with distance, for example, at 72 km from the 350 smelter, it was 1%.
351
• 17% of children with lead levels of !80 μg dl À1 were anemic.
352
Another example is related to the Antofagasta (Chile) incident involving lead 
357
On the other hand, mining and smelting of zinc has been by far the most 358 important contributor of this metal to the environment [26] . For a long time, Zn
359
was not considered to be harmful for the environment, and it was thought to pose 360 minimal health risks compared to other heavy metals; however, at present zinc is 361 known to cause toxic effects in the aquatic biota [26] . Besides, the almost ubiqui-362 tous presence of Cd in sphalerite (ZnS) is another factor to be taken into account.
363
Zinc is an essential element, necessary for the function of more than 300 enzymes; (or more), meaning that for each ton of rock that will undergo milling and 392 mineral concentration, three will go into waste; moreover, this three tons will 393 not be entirely "barren" because they may host subeconomic mineralization 394 (usually rich in pyrite). In this case, the sulfides present in huge waste rock piles 395 will be exposed to oxygen and water, which implies generation of AMD and 396 metal leaching. Besides, once the mining operations have ceased, a huge rock 397 surface within the pit will be also left to undergo chemical reactions, which may 398 have disastrous consequences for the chemistry of groundwaters. On the con-399 trary, underground mining is more selective (it has to be; otherwise it would turn 400 out to be uneconomic), and therefore waste rock piling will be minimal. How-401 ever, these galleries and stopes placed above the water 
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The same applies to the feldspars (21) and their hydrolytic by-products (22) that can 427 be found in volcanic or plutonic rocks [57]:
429
• Fracturing: The intensity of fracturing also plays a major role in the oxidation 
472
These reasons explain why risk assessment of metal leaching from ore deposits, 473 tailings, and waste rock dumps is so complex. In fact, it involves complex nonlinear 474 systems in which the measurements of the pollutant phase(s) (and other variables: 475 see above) alone cannot provide a complete picture of the state of the system, 476 because they are limited in space and time. However, at least a partial answer may 477 be provided to the initial question on when we should be worried regarding metal 478 leaching. In this process nothing is as decisive as: (1) the proportion of pyrite in the 479 sulfide mineral assemblage and (2) the reactivity of the gangue and host rock 480 minerals. This puts the IPB deposits in the worst possible case scenario (extremely 481 rich in pyrite).
4 Pb, Zn, Cd, and As in Soils from the Studied Iberian
483

Mining Sites and Districts
484
To study the Pb, Zn, Cd, and As distribution in soils from the revised mining sites 485 and districts (Fig. 1, Table 1 ), published data from soils subjected to different uses 486 (agricultural, natural, and anthropic) have been considered (Table 2 Log transformation was applied to data to get more symmetrical (Gaussian) distri- Table 2 ). However, the data population shows a large 514 dispersion with some outliers of very high concentrations that displace the 515 mean outside the first quartile (Q1) and third quartile (Q3) range (Fig. 2, Table 2 ).
516
The lowest Pb and Zn mean concentrations are found in soils located in , respectively) (Fig. 2, Table 2 ).
518
• The highest As mean concentration (1,309 mg kg À1 ) is also found in soils from 519 the Sierra Minera (Fig. 2, Table 2 ), whereas the lowest As mean concentration 520 (26.1 mg kg À1 ) is found in Linares (Fig. 2, Table 2 ). with Pb at 2.5 times the background value and Zn close to the background.
529
• The most As polluted soils are those of the Sierra Minera (Fig. 3 , Table 3 ) at~98 530 times the background value. On the other hand, the less polluted soils correspond 531 to those located in Linares (Fig. 3 , Table 3 ) at less than 0.5 times the background 532 value.
533
• The most Cd polluted soils are found in the Sierra Minera (Fig. 3 , 
Correlations and Clustering of Data
537
• The highest correlations in soils from the Alcudia Valley are found for the Pb-
538
Zn and Pb-Cu pairs (0.86), whereas insignificant correlations are found for As-
539
Zn and As-Cr (0.02 and 0.07, respectively) (Table 4) . Thus, the lack of relation 540 among As and metals is remarkable (Fig. 4) .
541
• Contrary to the results for the Alcudia Valley, the strongest correlation in the 542 (IPB) is found for the As-Pb pair (0.80 in the data set IPB1 and 0.91 in data set 543 IPB2) (Table 4 ). In this regard, As gests clustered with Pb and Cu in the two 544 populations, whereas Zn appears to show more affinity for Cd and Cr with Ni 545 (Fig. 4) .
546
• The strongest correlation in Linares is found for the pair As-Pb (0.81) (Table 4) , 547 which is also indicated by the cluster analysis (Fig. 4) . Besides, the lowest 548 correlation is shown by the Pb-Zn and Cu-Zn pairs (0.65) (Table 4 ), a fact 549 also shown by the cluster analysis (Fig. 4) .
550
• The data from Mazarrón show a pattern similar on that observed for the IPB data (Table 4) .
556
• The strongest correlation in the data from Sierra Minera is shown by the As-Cu 557 pair (0.70) (Table 4) , and the lowest corresponds to the As-Hg pair (À0.01)
Pb-Zn-Cd-As Pollution in Soils Affected by Mining Activities in Central. . . ( Table 4 ). The cluster analysis allows the observation of some patterns reflecting 559 the moderate correlation indexes among As, Cu, Pb, Zn, and Cd pairs and the 560 low affinity of Hg with the other metals and As (Fig. 4) .
561
• The strongest correlation in Rodalquilar is found for the pair As-Sn (0.95) 562 (Table 4) , with As being weakly related to the Pb-Zn-Cu group (Fig. 4) .
563
• The strongest correlation from the Mazarambroz soils occurs in the Pb-Zn pair 564 (0.89) (Table 4) , whereas the most weak corresponds to the As-Mo pair (0.02)
565
( Table 4 ). The cluster analysis of the Mazarambroz data is consistent with the 566 correlation matrix, showing the Pb-Zn and As-Cu affinities (Fig. 4) . Minera with As-Cu + Pb-Zn + Cd-Zn pattern and (b) Mazarambroz with a Pb-
580
Zn + As-Cu pattern. The As-Cu pair appears to be related to jarosite in the Sierra 581 Minera [22] . At Mazarambroz Pb seems to be bound to supergenic carbonates 582 and sulfates, whereas As would be bound to iron oxyhydroxides [16] . 583 • The As-Sn + Cu-Pb-(Zn) mode is observed at Rodalquilar where Pb is bound to 584 Mn oxide phases and As is bound to goethite [24] . (Fig. 2, 3) (Tables 2, 3 ).
593
A third conclusion relates to the fact that the As-metal affinities seem to be 594 controlled by other factors than exclusively mineral paragenesis and/or pyrite 595 abundance. For example, Linares (a district where the ore deposits are characterized 596 by low contents of pyrite and an important presence of carbonates that preclude a 597 significant AMD production, [64] ) displays nevertheless a similar (As-Pb-(Cu)) 598 pattern to that of the IPB, the most representative district of AMD in the Iberian 599 peninsula (e.g., [65] ) and of the worst cases worldwide. On the other hand, the 600 distinct pattern of metal clustering in some districts could be related to the mineral 601 paragenesis as seen in Rodalquilar where the alteration type and minerals associ-602 ated to the high-sulfidation ore-forming processes ultimately played a key role in 603 the As and metal fate in soils (Table 1 , [24] ).
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A fourth conclusion is that some of the most As-Pb-Zn-Cd polluted districts in of soluble phases as sulfates and carbonates [66] , which in turn will be dissolved 610 during heavy rain stormy episodes. Thus, these rain events can produce high rates of 611 metal leaching and mobilization by runoff (e.g., [17, 22] ). 
